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Abstract: We evaluated the effects of an injectable complex of |3-tricalcium phosphate (|3-TCP) granules, hyaluronate, 
and recombinant human fibroblast growth factor-2 (rhFGF-2) on repair of unstable intertrochanteric fractures in elderly 
patients. Twenty-five patients (range, 76-91 years) having 31.A2 fractures (AO classification) were treated with injection 
of the complex followed by intramedullary nails. Bone regeneration and P-TCP resorption, unions of intertrochanteric 
fractures and displaced lesser trochanters to the shaft, and varus deformity of the femoral neck were assessed by X-ray and 
CT scans. Fracture union occurred in all cases and union of the displaced lesser trochanter to the shaft was obtained in 24 
cases by 12 weeks. It is of interest that P-TCP granules were completely resorbed and marked new bone formation around 
the lesser trochanter was observed in all cases compared to cases not treated with the complex. Based on the results of 
intertrochanteric fractures, we applied this technique to two patients with subtrochanteric or humeral fractures in elderly 
patients, and obtained bone union. This complex is a paste-like material that is easy to handle, and it may be of 
considerable use in treatment of both unstable intertrochanteric fractures and other cortical bone defects with minimal 
surgical invasion. 
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INTRODUCTION 

The incidence of intertrochanteric femur fractures has 
increased significantly during recent decades. The aim of 
treatment of these fractures is stable fixation, which allows 
early mobilization of the patient. The status of the lesser 
trochanter is important in evaluating the stability of the 
reduction. If the lesser trochanter is displaced as a large 
fragment, a significant posteromedial cortical defect is 
present and the fracture geometry indicates a potentially 
unstable reduction and high possibility of varus deformity. In 
addition, the displaced lesser trochanter sometimes does not 
join to the shaft and may cause pain during walking. If the 
lesser trochanter is too far from the shaft, it can not be 
reduced without direct open reduction. Thus, repair of this 
bone gap as well as the posteromedial cortical defect is 
desirable. 

P-fricalcium phosphate (P-TCP) is a calcium phosphate 
ceramic used in bone grafting as an alternative bone 
substitute to autograft. It has been reported that P-TCP has 
excellent osteoconduction and resorbability when filling a 
bone defect [1-9]. With regard to shape, both block and 
granular forms of P-TCP have been available; however. 
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some cases have presented difficulty in filling irregularly 
shaped bone defects. There are several reports that evaluate 
usefulness of an injectable complex containing P-TCP [10- 
15]. We have recently developed a paste-hke complex of 
granular P-TCP and collagen or hyaluronic acid that is 
intended to be suitable for defects of any shape [5, 10]. In 
addition, this complex is a good candidate for a carrier for 
growth factor delivery. 

Among many growth factors to regulate bone, fibroblast 
growth factor-2 (FGF-2) is recognized as a potent mitogen 
and has been reported to enhance the release of additional 
signaling factors from mesenchymal cells that are involved 
in chondrogenesis and bone formation [16-18]. We have 
previously reported that an injectable complex of P-TCP 
granules and collagen supplemented with FGF-2 enabled 
cortical bone regeneration of rabbit tibiae [10]. The objective 
of this study was to evaluate the effects of a complex of P- 
TCP granules and hyaluronic acid combined with 
recombinant human FGF-2 (rhFGF-2) on repair of long-bone 
fractures with large fragments in elderly patients. 

MATERIALS AND METHODS 

Preparation of Complex 

All materials are commercially available. However, 
hyaluronic acid and rhFGF-2 are allowed to treat 
osteoarthritis and skin defects, respectively. 
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For the preparation of an injectable bone substitute, 2 g 
of P-TCP granules (Olympus Terumo Biomaterials, Tokyo, 
Japan) with 60% porosity and diameters ranging from 1 to 3 
mm, 2 mL of 1% hyaluronate (Chugai, Tokyo, Japan), and 1 
mg of rhFGF-2 (Kaken, Tokyo, Japan) were mixed 
aseptically in a dish (Fig. lA). The mixture was transferred 
to 1-cm diameter cylinders (Arthrex, Inc, Naples, Fla) used 
for the preparation of osteochondral grafts (Fig. IB). The 
total volume of the complex was approximately 3.5 mL. 

Operative Procedure 

All patients having 31.A2 fractures according to the AO 
classification [19] provided informed consent prior to 
participate in this study, which was approved by NHO 
Utsunomiya National hospital ethical committee (ID 19-1). 
From June, 2007 to June, 20 11, 25 patients (23 women and 2 
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men) with a mean age of 84 years (range, 76 to 91 years) 
were used for evaluation. The operation was performed 
within 7 days after fracture. All patients were positioned 
supine on the traction table and all fractures were reduced by 
closed means. At first entry point was made on the tip of the 
great trochanter. After intramedullary reaming of the 
proximal part of the femur, the complex of P-TCP granules, 
hyaluronate, and rhFGF-2 was injected under fluoroscopy to 
the base of the lesser trochanter and into the gap between the 
shaft and the displaced lesser trochanter. Then a proximal 
femoral nail was inserted (Fig. 2). 

All patients were encouraged to walk fully weight- 
bearing 2 weeks after surgery. Administration of 
bisphosphonates was prohibited by 12 weeks after surgery. 

From June, 2007 to November 2011, fifteen patients 
having 31.A2 fractures without an injection of the complex 




Fig. (2). A complex of P-TCP granules, hyaluronate, and rhFGF-2 in a cylinder is injected through the tip of the great trochanter to the base 
of the lesser trochanter during surgery (A) under fluoroscopy (B). 
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with a mean age of 83 years were used as controls. Weight- 
bearing was allowed in the control patients 3 to 4 weeks after 
surgery to prevent varus deformity. 

Based on the results of intertrochanteric femur fractures, 
we applied this technique to a patient (88 years old) with 
subtrochanteric fracture and a patient (90 years old) with 
humeral fracture having a large fragment. 

Radiological Examination 

Each patient treated with an injection of the complex was 
examined sequentially by X-ray at 2 week intervals and by 



CT scan images taken at 3, 8, and 12 weeks. In 2 cases, CT 
examination was performed at 6 weeks instead of 8 weeks. 
Final observation was carried out at 12 weeks in all cases. 
Although the control patients were examined by X-ray in the 
same manner, CT examination was performed at only 
3 weeks. Final observation was performed at 12 weeks. 

RESULTS 

No major adverse effect such as infection was found in 
any patient. Two weeks after surgery, P-TCP granules were 
clearly visible in their original place, but new bone formation 




Fig. (3). Radiographs of an 82-year-old woman (Case 1) with a displaced lesser trochanter. The injected complex remained in its original 
place (white oval) at 4 weeks. Callus formation was found 4 weeks after surgery and the callus increased in size over time. Marked new bone 
formation was found around the lesser trochanter at 6 and 12 weeks. 



/ 




Fig. (4). Axial (Al, Bl) and sagital (A2, B2) CT images of the unstable intertrochanteric fracture in Case 1. The complex of |3-TCP granules, 
hyaluronate, and rhFGF-2 remains in its original place (broken circle) at 3 weeks (Al). CT image shows marked new bone formation at 6 
weeks (Bl, B2). The arrows point to the lesser trochanter and arrow heads point callus. 
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was not observed. Four weeks after surgery the margins of 
the P-TCP granules were unclear and new bone formation 
was found in 1 1 cases. By 8 weeks after surgery, most of the 
P-TCP granules had disappeared and callus formation was 
seen in all cases (Figs. 3 and 5). At 12 weeks, union of the 
intertrochanteric fracture and marked new bone formation 
were found around the lesser trochanter in all cases (Figs. 3, 
5, and 6). No varus deformity more than 5° was observed. 

In the control group, new bone formation was not found 
at 2 weeks. Four weeks after surgery, new bone formation 
was found in 2 cases. At the latest follow-up 12 weeks after 
surgery, bone union of the intertrochanteric fracture was 
recognized in all cases. No varus deformity was observed. 
However, one case did not show bridging between the shaft 
and the displaced lesser trochanter. 

CT Evaluation of 3, 8, and 12-Week Bone Replacement 

At 3 weeks, CT scan images revealed caUus formation in 
only 3 cases. P-TCP granules remained in their original 
locations and were still visible (Figs. 4A1, 4A2, and 7A). CT 
scans taken at 6 or 8 weeks showed that most P-TCP 
granules were resorbed, and new bone formation was found 
in all cases (Figs. 4B1, 4B2, and 7B). At 12 weeks, P-TCP 
granules were replaced by bone and marked new bone 
formation was observed in all cases. Bridging between the 
shaft and the displaced lesser trochanter was developed in 24 
cases. Bridging did not occur in one case due to poor 
location of the injection (Fig. 7C). 

In the control group, CT scan images showed callus 
formation in only one case at 3 weeks. 

Additional Cases with Subtrochanteric or Humeral 
Fractures 

Similar radiological results were obtained in an 88-year 
old woman with subtrochanteric fracture. At 8 weeks, 
marked callus formation was found in the lateral cortical 
bone defect (Fig. 8). The patient died due to pneumonia at 10 
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Fig. (5). Radiographs and a CT image of four unstable 
intertrochanteric fracture cases (A;Case 2, B;Case 3, C;Case 4, and 
D;Case 5). Initial radiographs (Al, Bl, CI, and Dl). Immediate 
postoperative radiographs (A2, B2, C2, and D2). Follow-up 
radiographs at 8 weeks (A3, B3, C3, and D3) and at 12 weeks (A4, 
B4, C4, and D4). Broken ovals indicate the remaining complex of 
|3-TCP granules, hyaluronate, and FGF-2 and arrow heads indicate 
callus. 




Fig. (6). Radiographs of an 83-year-old woman (Case 6) with a displaced lesser trochanter (A). The |3-TCP granules are still visible at 4 
weeks (arrows) in AP (B) and lateral views (C). The complex is resorbed and bone union of the intertrochanteric fracture has occurred at 12 
weeks (D). However, no bridging bone formation is seen between the lesser trochanter and the shaft. 
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weeks. In contrast, one case with humeral fracture showed 
sUghtly different results. Bridging callus formation and bone 
union were obtained at 12 weeks. Remodeling of fracture 
sites progressed over time, but P-TCP granules were still 
visible even 10 months after surgery (Fig. 9). 

DISCUSSION 

P-TCP has been attracting attention due to its good 
biocompatibility and biodegradability. However, it is 
difficult to fill bone defects with irregular shapes. We have 
recently developed a paste-like composite of P-TCP granules 
and hyaluronate [5] or collagen [10] that is suitable for any 



shape of defect. The addition of hyaluronate or collagen to P- 
TCP granules not only improves injectabiUty but also 
localizes P-TCP and growth factors. Although this complex 
is easy to handle and is able to fill irregularly shaped defects 
by injection with minimal surgical intervention, mechanical 
properties of this complex are unsatisfactory until bone 
formation occurred compared to calcium phosphate bone 
cements. However, calcium phosphate bone cements have 
shortcomings including a much lower solubility and 
remaining in the body for a long time. Unlike these bone 
cements, the P-TCP granules -hyarulonate complex is 
completely incorporated into in the newly formed bone but 
are gradually degraded and finally replaced by mature bone. 




Fig. (7). Axial CT images of Case 6. The injectable complex (arrows) has not been replaced by bone at 3 weeks (A). At 8 weeks (B), the 
complex is partially replaced and is completely replaced by bone at 12 weeks (C). However, it did not reach to the displaced lesser 
trochanter. 




Fig. (8). Radiographs of an 88 year-old woman (Case 7) with subtrochanteric fracture. The injected complex remained in its original place 
(arrows) and marked caUus formation was found in the lateral cortical bone defect (arrow head) 8 weeks after surgery. 
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Fig. (9). Radiographs of a 90-year-old woman (Case 8) with humeral fracture having a large displaced fragment. Bridging callus formation 
and bone union were found at 12 weeks. Remodeling of fracture sites progressed over time. P-TCP granules (arrows) were resorbed, but still 
visible even 10 months after surgery. 



It is known that healing of cortical bone defects is more 
difficult and time consuming than that of cancellous bone 
defects [7, 8]. This disparity may be due to differences in 
blood flow between cancellous and cortical bones. Thus, it is 
not enough to fill cortical bone defects with P-TCP alone. 
Additional stimulations such as growth factors and 
ultrasound administration are necessary to repair cortical 
bone defects. We have previously reported that a complex of 
P-TCP granules and collagen supplemented with 200 |ig of 
FGF-2 induced cortical bone regeneration and repaired 5- 
mm cortical bone defects in rabbit tibiae by 12 weeks post- 
treatment [10]. Others also showed that a single local 
application of FGF-2 facilitated the healing of bone fractures 
and bone defects in animals [20-24]. Kawaguchi et al. [25] 
reported the first evaluation of the efficacy and safety of 
rhFGF-2 in a clinical trial. The results showed that local 
application of rhFGF-2 (200-800 |ig) accelerated bone union 
of a high tibial osteotomy in a dose-dependent manner. In 
consideration of these previous studies, we decided to use 1 
mg of FGF-2. The results obtained from this study showed 
that the complex of P-TCP and hyaluronate combined with 
FGF-2 induced marked callus formation around the lesser 
trochanter compared to those cases not treated with an 
injection of the complex. This finding was also recognized in 
the additional two cases with subtrochanteric or humeral 
fractures. We speculate that FGF-2 diffuses from the 
complex to osteoprogenitor cells in periosteum, bone 
marrow, and muscle resulting in marked callus formation. 
The advantages of this complex include promoting fracture 
healing and repairing cortical bone defects using P-TCP as a 
carrier. Although this complex promoted callus formation, it 
did not shorten the time required for callus formation. If 



recombinant human bone morphogenetic proteins (rhBMPs) 
are used as alternatives to FGF-2, early callus formation may 
be expected. However, the high costs of rhBMP-2 and -7 
may preclude its widespread use. In contrast, rhFGF-2 has an 
economical advantage. 

Initially, we had used knee arthroscopic devices with an 
inner diameter of 4.5 mm to inject the complex. We also 
used P-TCP granules with 75% porosity, because P-TCP 
with 75% porosity can be more rapidly resorbed than that 
with 60% porosity. However, the more porous material was 
not visible during injection under fluoroscopy, and it was 
hard to push out the complex. Thus, we changed to TCP 
granules with 60% porosity in order to see their presence 
under fluoroscopy. In addition, in order to reduce pressure to 
push out the complex, we used a different device for 
osteochondral implantation. 

Based on the results of intertrochanteric fractures, we 
applied this technique to two patients with subtrochanteric or 
humeral fractures in elderly patients. The results obtained 
from an 88 year-old woman with subtrochanteric fracture 
showed that marked callus formation was also found in the 
cortical defect at 8 weeks. In the present study, partial P-TCP 
resorption was observed in radiographic images in the 
presence of FGF-2 at 6 or 8 weeks. Twelve weeks after 
surgery, all P-TCP had been resorbed and replaced by bone 
except one case with humeral fracture. This P-TCP 
resorption difference may be due to the difference between 
femur and humerus. 

Three patients involved in this study had been treated 
with alendronate or risedronate. Recently, we have 
investigated the effects of alendronate on osteoclastic 
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resorption of P-TCP and bone formation. P-TCP blocks of 
75% porosity, with or without alendronate treatment, were 
implanted into cavities drilled in rabbit femoral condyles. 
The results showed that local application of alendronate at a 
concentration of 10'^ to 10"'' M reduced the number of 
osteoclasts on the surface of P-TCP. New bone formation 
was also inhibited by alendronate in a dose-dependent 
manner [26]. Thus, inhibition of osteoclast formation 
resulted in reduced P-TCP resorption and bone formation. 
These results suggest that osteoclast-mediated resorption 
plays an important role in bone formation and higher doses 
of alendronate may inhibit P-TCP resorption. 

In general, renal function was reduced in the elderly 
patients. Thus, administration of bisphosphonates was 
prohibited by 12 weeks after surgery. The present study 
demonstrated that all patients had good P-TCP resorption 
and bone formation. 

In conclusion, the complex of P-TCP granules, 
hyaluronate, and FGF-2 can facilitate callus formation and 
may be useful for the treatment of other cortical bone defects 
such as long-bone fractures with displaced fragments with 
minimal surgical invasion. 
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